Abstract. We present the X-and γ-ray detection of GRB 990704 and the discovery and study of its X-ray afterglow, 1SAX J1219.5-0350. Two pointed BeppoSAX observations with the narrow field instruments were performed on this source, separated in time by one week. The decay of the X-ray flux within the first observation appears unusually slow, being best-fit by a power law with negative index 0.83±0.16. Such a slow decay is consistent with the non-detection in our second observation, but its back-extrapolation to the time of the GRB largely underestimates the detected GRB X-ray prompt emission. In addition, the GRB prompt event shows, among the BeppoSAX-WFC detected sample, unprecedentedly high ratios of X-and gamma-ray peak fluxes (F 2−10 keV /F 40−700 keV ∼0.6, and F 2−26 keV /F 40−700 keV ∼1.6) and fluences (S 2−10 keV /S 40−700 keV ∼1.5 and S 2−26 keV /S 40−700 keV ∼2.8), making it, among the BeppoSAX arcminute-localized GRBs, the closest to the recently discovered class of Fast X-ray Transients. 
Introduction
Despite the huge step forward allowed by the BeppoSAX discovery of the X-ray afterglows ) of gamma-ray bursts (GRBs) and by the related discoveries of optical (van Paradijs et al. 1997 ) and radio afterglows (Frail et al. 1997) , the ultimate explanation of GRBs remains unknown. Several sources associated with GRBs have been demonstrated to be at cosmological distances (e.g., see Costa 2000 and Lamb 2000 for reviews), but the current sample only includes long duration GRBs leaving open the possibility of the existence of different populations of GRB sources (e.g., Tavani 1998 and references therein).
The observations of new GRB afterglows continue to show new properties that contribute to making the interpretative scenario complex and incomplete. An interesting example is the so-called GRB-supernova connection. After the discovery by BeppoSAX of a GRB possibly associated with a type Ic supernova (GRB 980425, Pian et al. 2000 , Galama et al. 1998 , the possibility that some GRBs might be associated with supernovae has been proposed and supported by late-time observations of GRBs like 980326, 970228, 990712 and 970508 (Bloom et al. 1999 , Reichart 1999 , Hjorth et al. 1999 , Sokolov 2001 ).
The case for GRB 990712 is now debated (Sahu et al. 2000 , Hjorth et al. 2000 , Bjornsson et al. 2001 .
A further interesting result recently provided by BeppoSAX is the identification of a potential new sub-class of GRBs: the Fast X-ray Transients (FXT, Heise et al. 2001) .
They are flashes of X-rays, so far not recurrent, sometimes accompanied by weak gammaray emission, that show no properties common to any known class of X-ray sources. The unique property of these events is their large X-ray content, comparable to or dominant over their emission at gamma-rays. Their occurrence rate is approximately one third of the GRBs; they could be X-ray counterparts of a -so far unexplored -new class of very soft GRBs (Kippen et al. 2001 , Heise et al. 2001 ). Attempts to find afterglows have failed so far. Fascinating proposals have been suggested to interpret them, going from 'dirty fireball' GRBs (e.g., Dermer 1999) to highly redshifted classical GRBs.
In this paper we present the detection, localization and study of GRB 990704 and its X-ray afterglow. This event, the 17th GRB promptly localized by the BeppoSAX Wide Field Cameras and soon after observed with the BeppoSAX Narrow Field Instruments, is peculiar in many respects, and may be related to the FXT class.
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GRBM and WFC Observations
The gamma-ray burst GRB 990704 triggered the Gamma Ray Burst Monitor (GRBM, Frontera et al. 1997 , Costa et al. 1998 (Heise et al. 1999) . The relatively large size of the WFC error region is primarily due to an unfavorable satellite attitude. An independent position of the same event was obtained through the analysis of the difference in the arrival times of the event at the BeppoSAX GRBM and the Ulysses GRB detector. This resulted in a 2'.8 wide (3-σ) annulus in the sky intersecting the WFC error circle, which reduced the error box to ∼75 arcmin 2 (see Figure 6 ) (Hurley & Feroci 1999 ).
The light curve of the event as derived from the GRBM and WFC experiments is shown in different energy ranges in Figure 1 . The GRBM light curve is given in two separate energy ranges (40-100 keV and 100-700 keV). They are derived from the available GRBM data: 1-s count-rates in the two partially overlapping ranges 40-700 keV and >100 keV. Since the GRBM effective area above 700 keV is very small, we can usually assume that the contribution to the count rate from photons with energy above 700 keV is negligible, and we can obtain light curves in the two adjacent ranges 40-100 keV and 100-700 keV (see Amati 1999 for an extensive discussion on this subject). This procedure has been verified in the specific case of GRB 990704 with the time-averaged spectral data available from the GRBM (e.g., Feroci et al. 1997) . The 240-channel energy spectra, in the full energy range from 40 to 700 keV, integrated over fixed 128-s time intervals, were used to derive the time-averaged spectral shape extrapolation beyond 700 keV, verifying that the number of counts expected above 700 keV is negligible with respect to those detected in 40-100 keV. In the case of GRB 990704 we expect the counts above 700 keV to be less than 0.3% of those detected in the 40-100 keV range.
The peak fluxes and the fluences for GRB 990704 in different energy ranges are given in Table 1 . They can be used to compute the ratio of peak fluxes, namely F X /F γ = 0.56±0.09 using the 2-10 keV X-ray flux and 1.56±0.23 using the 2-26 keV X-ray flux: the largest values found so far in the BeppoSAX sample ( Figure 2 ). The duration of the event is perhaps slightly energy dependent, ranging from ∼37 s in 2-5 keV to less than ∼30 s above 100 keV. The ratios of fluences in X-rays and gamma-rays are again larger than any in the BeppoSAX sample (see Figure 3 ): S 2−10 keV /S 40−700 keV = 1.52±0.15
and S 2−26 keV /S 40−700 keV = 2.84±0.27. As a comparison, if we consider the sample of the GRBs localized by BeppoSAX between July 1996 and December 1999, we obtain the average values and scatters provided in Table 2 . The basic data for the computation were available only for subsets of the total number of events, specified in parentheses. A systematic analysis of the complete sample will be reported elsewhere (Frontera et al., in preparation) . An examination of the quick-look data (that is, the raw data promptly analysed at the BeppoSAX Science Operation Center) for the events not included in our analysis, indicates that their exclusion should not significantly affect our results. Table   2 makes it very evident that GRB 990704 and 981226 are both responsible for a large increase of both the average and the scatter of the fluence ratios, whereas 990704 alone causes a significant increase in the average and scatter of the peak flux ratios.
The WFC did not detect X-ray emission from the location of GRB 990704 after the end of the GRB prompt emission. The 3-σ upper limit in the 2-10 keV range in the time interval 63040-63076 s UT (that is, the 36 s after the end of the GRB) is 1.6×10
Only one of the four X-ray peaks has a significant gamma-ray counterpart, the one included in interval C in Figure 1 ; it is also the most intense in the X-ray range. The shape 
Fig. 2.
Histogram of the X-to-gamma peak flux ratios, for the two X-ray energy ranges 2-10 and 2-26 keV, of the same events used to derive Table 2 .
of the gamma-ray pulse exhibits a profile consistent with a FRED (Fast Rise Exponential Decay) profile. We checked the energy dependence of the width of this pulse. For this purpose, we used the high time resolution data available from both the WFC and the GRBM, binned at 0.5 s (Figure 4 ). We could derive a value of the duration (in terms of full width at half maximum, FWHM) of the main peak only in four energy ranges because the high time resolution data from the GRBM are only available in the integrated energy range 40-700 keV, and they start 8 s before the trigger time. The estimated FWHM values are shown in Figure 5 . We found that the width uncertainties were comparable to the time resolution. Although the multi-peaked structure observed at X-rays might significantly affect our estimates, the derived values appear in agreement with the E −0.45 (E photon energy) dependence found by Fenimore et al. (1995) for the classical GRBs (e.g., Piro et al. 1998 and references therein). Fig. 3 . X-to-gamma fluence ratios, for the two X-ray energy ranges 2-10 and 2-26 keV, of the same events used to derive Table 2 . 
Spectral Analysis
We analyzed the energy spectrum of the GRB event using the WFC and GRBM data. To perform a time-resolved spectral analysis, for the GRBM we used the two-channel spectra that can be derived from the two energy ranges of the 1-s ratemeters (Amati 1999 ). The two available channels cover the energies 40-100 and 100-700 keV. We selected four time intervals (A, B, C, D; Figure 1 ) during the event, encompassing the four distinct peaks visible in the energy range 11-26 keV in the WFC data. The GRBM high energy (100-700 keV) channel does not provide a significant detection in any of the four selected intervals, and this datum was therefore excluded during the spectral fitting procedure. We first attempted to model the spectrum in the four intervals with a simple (unabsorbed) power law. This solution is acceptable only for the interval D (see Table 3 ), for which intrinsic photoelectric absorption is not needed. For the other intervals different models were needed. In particular, the average spectrum of interval A can be satisfactorily fit either by adding photoelectric absorption by cold matter or changing the spectral model to a broken power law. In intervals B and C an absorbed power law is not acceptable, whereas the broken power law is satisfactory.
3. The X-ray afterglow Given that the X-ray flux from 1SAX J1219.5-0350 appeared to decrease with time during the observation, a new NFI pointing was scheduled at its position in order to verify its association with GRB 990704. This second NFI observation started on July 11,
19:10 UT and ended on July 12, 20:48 UT, for a net MECS exposure time of 42.5 ks. We averaged the flux over both the entire second pointing and also over its first 17 ks, and found no detection of the source either in the MECS or in the LECS. We derived a 3-σ upper limit of 9.4 × 10 −4 counts s −1 (MECS, 2-10 keV, 42.5 ks).
Based on the angular consistency with the GRB location and the temporal behaviour, similar to that of previous GRB afterglows, we identify 1SAX J1219.5-0350 as the X-ray afterglow of GRB 990704.
Although the event occurred at high Galactic latitude and the WFC and NFI error boxes were promptly searched, no optical or radio afterglow was detected (Castro-Tirado et al. 1999 , Maury et al. 1999 , Diercks et al. 1999 , Vrba et al. 1999 ). In the optical R-band the tightest upper limit to a variable object is at R=22.5 within less than 5 hours after the burst (Jensen et al. 1999 ) and R∼23.5 (Rol et al. 1999 ) after 30.5 hours.
Data Analysis
The MECS 2-10 keV light curve of the first observation was accumulated with time bins of 11640 s, using an extraction radius of 2' around the source centroid. The background in the same bandpass was extracted at two different positions in the same field, with extraction radii of 2' as well. The background is in both cases consistent with a constant value of 1.8 × 10 −3 counts s −1 and an analysis over the field shows no systematic trend.
To derive the MECS background-subtracted light curve in Figure 7 , we used the average of the two background regions at each time bin. A constant value for the background yelded consistent results. In Figure 7 (bottom panel) we show the temporal behaviour of the X-ray flux (2-10 keV) from 1SAX J1219.5-0350 in units of MECS counts s −1 .
The photon spectrum from the LECS and MECS instruments has been fit with a simple power law, I(E) = CE −Γ photons s We also performed the spectral analysis of the LECS and MECS data dividing the first observation in two portions of similar duration, in order to check for spectral evolution.
We used an absorbed simple power law model to fit the data and we got satisfactory The average MECS spectrum was used to convert the afterglow light curve from counts s −1 to erg cm −2 s −1 . The resulting light curve is shown in the top panel of Figure 7 , together with the 2-10 keV WFC flux during the GRB prompt event averaged over the whole observation (dotted horizontal bar) and time-resolved in the four intervals as indicated in Fig. 1 , and the upper limit obtained from WFC data during the ∼36 s after the event. The light curve during the first NFI observation is well described by a power-law decay I(t) ∝ t −β , with β = 0.83±0.16. However, including in the fit the average X-ray flux measured by the WFC during the GRB yields β=1.31. Both indices are consistent with the NFI upper limit during the second observation, but only the flatter one is consistent with the WFC upper limit soon after the event. On the other hand, the back extrapolation of the law I(t) ∝ t −0.83 largely underestimates the prompt X-ray emission.
An ASCA observation of the same X-ray afterglow continued 12 ks beyond the BeppoSAX one (Murakami et al. 1999 ). An early suggestion of a flare in the X-ray flux at the end of the ASCA observation (Yoshida et al. 1999a) was not confirmed by a later analysis (Murakami et al. 2000 , Yonetoku et al. 2000 . We searched the last portion of our data for the beginning of such a flare and found a marginal indication of flux rise during the last two orbits of our observation. Flaring of the X-ray afterglow has been observed in two events in the past: GRB 970508 (Piro et al. 1999 ) and GRB 970828 (Yoshida et al. 1999b ). In both cases there were hints of a redshifted Fe-K emission line in the X-ray spectrum, at the time of the flare. We searched for spectral features in our spectrum, both for the whole observation and for its last part. No evidence is found for an emission line. Yonetoku et al. (2000) have used the ASCA data on GRB 990704 to set a tight upper limit (equivalent width smaller than ∼250 eV) to possible Fe-K emission line.
Discussion
Several characteristics of GRB 990704 appear noteworthy. Regarding the GRB prompt emission:
1) The first portion of the event appears dominated by the X-ray emission (see Figure   1 ). Only the main peak is distinctively detected at energies above 100 keV.
2) The X-ray content of the prompt emission is extremely high, compared to the other BeppoSAX GRBs. Figures 2 and 3 show how distinct GRB 990704 is with respect to the distribution of the other events within the BeppoSAX GRB sample mentioned in Sect. 2. In fact, the second largest value found in our sample for P 2−26 keV /P 40−700 keV is 0.45 for GRB981226 (whereas 990704 shows a value of 1.56). In terms of fluences, we find hardly meets the classical GRB defining criteria. Still, it showed an X-ray afterglow as do 'classical' GRBs.
3) The main peak observed in gamma-rays (i.e., the third one in X-rays) appears to be consistent with the typical energy dependence of the pulse width (∆t ∝ E −0.45 ) observed in many individual GRB pulses (Fenimore et al. 1995) . This dependence is consistent with a scenario in which the prompt emission is due to synchrotron radiation in a shocked medium (e.g., Tavani 1996) . From this point of view GRB 990704 appears to be a 'classical' GRB.
The X-ray afterglow of GRB 990704 is peculiar. The BeppoSAX measurement shows a very slow decay, with index ∼0.8. If we consider a sample of thirteen BeppoSAX Xray afterglows (Stratta et al., in preparation) from 1997 to May 1999, we find that the average value of the power law decay slopes is 1.36 and the standard deviation is only 0.16.
However, a word of caution: a power law decay with a slope of only 0.8, if extrapolated to an infinite time would cause the total emitted energy to diverge. Therefore, we have to assume that after the end of the BeppoSAX observation the decay slope changed to a larger value. In this respect, recall the claim (but not confirmed by a later analysis)
of an ASCA detection of rebursting of the X-ray flux from this source in the few hours following the end of the BeppoSAX observation. If such a rebursting occurred, then the slow decay measured by BeppoSAX could be an artifact of an incomplete sampling of the bursting behaviour of the X-ray flux. In this case the true overall decay would be indeed faster, possibly the ∼1.3 slope we obtain taking into account the prompt X-ray emission.
The softness of the prompt emission from GRB 990704 is definitely peculiar. As shown in Figure 3 , a similarly large X-to-gamma energy ratio was only observed once in the BeppoSAX GRB sample, in the case of GRB 981226. It too was peculiar in its X-ray afterglow, showing an initial short rise, or maybe a plateau, never seen in any other X-ray afterglow (Frontera et al. 2000a) . In the GINGA sample of 22 GRBs (Strohmayer et al. 1998) , only one event, GRB 900901, had a X-to-γ fluence ratio comparable to GRB 990704. In that case the ratio was 1.23, although the gamma-ray fluence was measured in 50-300 keV, and this most likely slightly biases upward the value of the ratio when compared to our sample.
In a few other BeppoSAX GRBs the ratio of X-to gamma-ray fluence was relatively high (up to 0.4) with respect to the less than ∼10% usually observed in GRBs. For example, see Table 3 in Frontera et al. 2000b and Figure 3 for the BeppoSAX events, and Table   1 in Strohmayer et al. 1998 for GINGA, where the average value of S 2−10 keV /S 50−300 keV goes down to ∼12% if one excludes just the largest 3 values. It is intriguing to note that the events in the BeppoSAX sample with a high X-ray content in their prompt emission include all five GRBs proposed to be associated with supernovae, on the basis of the properties of their optical afterglow. In fact, they showed the following values for S 2−10 keV /S 40−700 keV (Frontera et al. 2000b , Frontera et al. 2001 Frontera et al. (2000a) suggested, the explosion of a supernova prior to the GRB may enrich the circumburst medium with baryon-rich matter. This would provide a natural explanation for a lower Lorentz factor of the expanding fireball following the GRB explosion, leading to the observed lower peak energy of the emitted radiation and consequently the X-ray richness in this type of GRBs. We note, however, that in some of the cases mentioned above (e.g., 980425 and 980326) the assumption is that the supernova exploded right at the time of the GRB, so that this scenario may not apply in a straightforward way.
Finally, we note that GRB 990704 is definitely the BeppoSAX GRB with characteristics that are the closest to the recently suggested class of FXTs. As mentioned in the introductory section, these events are not yet firmly characterized. Based on the BeppoSAX data (Heise et al. 2001) , so far we know that they are almost indistinguishable from X-ray counterparts of classical GRBs (in terms of duration, hardness, flux), but they do not show gamma-ray emission detectable by the GRBM. Quantitatively, the X-to-gamma peak flux ratios for FXTs go from few to a hundred, while the ratio of fluences goes from 0.1 to 10 (Heise et al. 2001) . Therefore, GRB 990704 appears as the classical GRB (because it has a GRBM-detected emission and an X-ray afterglow) within the BeppoSAX sample that most closely approaches the properties of the FXTs. Should the X-ray content be the signature of a supernova, then supernova explosions would be good candidates for the origin of FXTs.
More observations will be needed to give (or not) observational support to our conjectures but the current data are intriguing, and theoreticians are already at work on similar ideas, e.g., Woosley (2001) .
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